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FIELD OF USE 

[0001] This invention relates to floating-gate field-effect transistors ("FETs") utilized in 
electronic circuitry such as electrically erasable programmable read-only memories ("EPROMs") 
of the flash-erasable type. 



BACKGROUND ART 
[0002] A floating-gate FET is a basic semiconductor device in which a floating-gate 
electrode (often simply "floating gate") overlies a channel region that extends between a pair of 
source/drain regions. A control-gate electrode (often simply "control gate") overlies the floating 
gate. In some floating-gate FETs such as the split-gate device described in U.S. Patent 6,355,524 
Bl, another electrode commonly referred to as the select-gate electrode (often simply "select 
gate") is situated to side of the floating and control gates above the channel region. 

[0003] A floating-gate FET has a threshold voltage, referred to here as the programmable 
threshold voltage, which can be adjusted subsequent to FET manufacture for controlling the 
FETs operational characteristics. During FET operation, one of the source/drain region 
functions as the source while the other functions as the drain. A control voltage is applied 
between the control gate and the source. With suitable potentials applied to other parts of the 
FET, the programmable threshold voltage is the value of the control voltage at which the FET 
switches between on and off conditions. 

[0004] Floating-gate FETs are commonly employed as memory elements in EPROMs. The 
storage of information in a floating-gate memory FET is controlled by variously placing charge 
carriers on, and removing charge carriers from, the floating gate to adjust the FETs 
programmable threshold voltage. These two actions are generally referred to as "programming" 
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and "erasure". In a flash EPROM, all of the memory elements in a substantial portion of the 
EPROM are erased simultaneously. 

[0005] Erasure in a flash EPROM formed with n-channel floating-gate FET memory 
elements is commonly performed by placing the body region of each memory FET at a suitable 
voltage relative to the FET's control gate. Electrons then tunnel from the floating gate through 
underlying insulating material to the channel region or/and the source. More particularly, erasure 
commonly entails (a) first raising the voltage applied to the body region to a suitably high value 
while the voltage applied to the control gate is reduced to a suitably low value to implement the 
erasure and (b) subsequently discharging these two voltages to an intermediate value or values. 
Erasure must be performed carefully to avoid damaging the EPROM. 

GENERAL DISCLOSURE OF THE INVENTION 
[0006] The present invention furnishes a technique for controlling the threshold- voltage 
characteristics of a floating-gate FET that typically serves as a memory element in an electronic 
circuit such as a flash EPROM. The floating-gate FET has a pair of source/drain regions 
separated from each other by a channel portion of a body region that forms a pn junction with 
each source/drain region. A floating-gate electrode overlies the channel portion. A control-gate 
electrode overlies the floating gate above the channel portion. 

[0007] The floating-gate FET is in a first condition, e.g., an erased condition, when its 
programmable threshold voltage is (a) less than a first transition value V T i if the FET is of 
n-channel type and (b) greater than -V T i if the FET is of p-channel type. The FET is in a second 
condition, e.g., a programmed condition, when its programmable threshold voltage is greater (a) 
than a second transition value Vx2 if the FET is of n-channel type and (b) less than -V T2 if the 
FET is of p-channel type where Vt2 exceeds or equals V T i. A first body voltage at a body node 
is converted into a second body voltage applied to the body region. A first control voltage at a 
control node is converted into a second control voltage applied to the control gate. 

[0008] The control technique of the invention entails initially placing the first body and first 
control voltages at respective body and control conditioning values different from each other 
such that the second body and second control voltages cause the floating-gate FET to be in the 
first condition with its programmable threshold voltage less than V T i if the FET is of n-channel 
type or (b) greater than -V T i if the FET is of p-channel type regardless of the immediately 
previous condition of the FET, i.e., regardless of whether the FET was in the first or second 
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condition immediately previous to the voltage-placing operation. Suitable conditioning circuitry 
is utilized to perform the voltage-placing operation. 

[0009] The first body and first control voltages are subsequently discharged respectively to 
discharge values between the conditioning values. The voltage discharge operation is performed 
with voltage discharge circuitry. Importantly, the body and control nodes are electrically 
connected to each other at least at the start of the voltage discharge operation. This enables the 
first body and first control voltages to begin discharging largely simultaneously towards their 
respective discharge values. 

[0010] The two first voltages, i.e., the first body voltage and the first control voltage, 
discharge in opposite (rising/falling) directions. If the body and control nodes were not 
electrically connected to each other at the beginning of the discharge operation, one of the two 
first voltages could start to discharge before the other. Due to capacitive coupling, the first 
voltage that begins to discharge last might initially attempt to track the first voltage that begins to 
discharge first. Since the two first voltages discharge in opposite directions, the first voltage that 
begins to discharge last might initially move in the direction opposite to the direction in which 
that first voltage must move to discharge. This initial opposite-direction voltage movement could 
damage the floating-gate FET or/and impair its operation. 

[0011] The electrical interconnection of the body and control nodes at the beginning of the 
discharge operation in accordance with the invention causes the first body and first control 
voltages to begin discharging largely simultaneously and thereby prevents one of them from 
starting to discharge before the other. Consequently, the electrically interconnection of the body 
and control nodes at the beginning of the discharge operation avoids damage that could otherwise 
occur due to temporary voltage tracking if one of the two first voltages were to start discharging 
before the other. 

[0012] After the discharge operation has started and thus after the first body and first control 
voltages have begun to discharge largely simultaneously, the body node is typically electrically 
connected to a source of a body reference voltage equal to the body discharge value. Subsequent 
to starting the discharge operation, the control node is likewise typically electrically connected to 
a source of a control reference voltage equal to the control discharge value. Providing these two 
electrical connections facilitates discharging the two first voltages. 

[0013] When the floating-gate FET is a memory element in a flash EPROM, the first body 
voltage is converted into a second body voltage applied to the body regions of a group of such 
floating-gate FETs. The control voltage is converted into a plurality of second control voltages, 
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each of which is applied to the control gate of at least one of the FETs. The second body and 
second control voltages thereby cause all of the FETs to be placed simultaneously in the first 
condition with their threshold voltages (a) less than V T i if the FETs are of n-channel type or (b) 
greater than -V T i if the FETs are of p-channel type. Accordingly, the first condition is an erasure 
condition for the flash EPROM. The voltage-placing operation is the actual erasure portion of 
the simultaneous (flash) erasure while the voltage-discharging operation is the discharging 
portion of the flash erasure. The second condition is the programmed condition for the flash 
EPROM. 

[0014] In short, discharging of voltages that control the threshold- voltage characteristics of a 
floating-gate FET is performed in a highly advantageous manner according to the teachings of 
the invention. The electrical interconnection of the body and control nodes at the beginning of 
the discharge operation avoids undesired voltage movement and consequent damage. The 
invention thereby provides a significant advance over the prior art. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] Fig. 1 is a block/circuit diagram of part of a flash EPROM configured in accordance 
with the invention. 

[0016] Fig. 2 is a circuit diagram of a floating-gate FET employed in the EPROM of Fig. 1. 

[0017] Fig. 3 is a cross-sectional view of an embodiment of the floating-gate FET of Fig. 2. 

[0018] Fig. 4 is a timing diagram for certain voltages in the EPROM of Fig. 1 . 

[0019] Fig. 5 is a timing diagram that indicates how certain voltages would appear in the 
EPROM of Fig. 1 if the common discharge circuitry of the invention were absent. 

[0020] Figs. 6a and 6b are circuit diagrams of a pair of floating-gate FETs alternatively 
employable as memory cells in an EPROM configured according to the invention. 

[0021] Figs. 7a and 7b are cross-sectional views of respective embodiments of the 
floating-gate FETs of Figs. 6a and 6b. 

[0022] Figs. 8 - 10 are circuit diagrams of respective embodiments of the common discharge 
circuitry, the body-line discharge circuitry, and the control-line discharge circuitry in the 
EPROM of Fig. 1. 

[0023] Fig. 1 1 is a block diagram of a group of mats in an embodiment of the EPROM of 
Fig. 1. 
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[0024] Fig. 12 is a block diagram of a group of EPROM sectors in the mat of Fig. 11. 

[0025] Figs. 13 and 14 are circuit diagrams of respective embodiments of parts of the 
control-line and body-line decoders in the EPROM of Fig. 1. 

[0026] Like reference symbols are employed in the drawings and in the description of the 
preferred embodiments to represent the same, or very similar, item or items. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0027] In the following description, the term "connected" generally means physically 
connected except where indicated to mean electrically connected in order to permit passage of an 
electrical signal. The term "line" means an electrical line or conductor. All single-gate 
field-effect transistors (again, "FETs") described below are enhancement-mode insulated-gate 
FETs where "enhancement-mode" is defined for the condition in which the body region of the 
FET is electrically shorted to its source. 

[0028] A flash EPROM typically contains a plurality of sections, referred to here as sectors, 
each containing an array of memory cells that are erased simultaneously and can be erased 
separately, and thus at different times, than the memory cells in each other such EPROM sector. 
As used in describing a line that carries a signal for such a simultaneously erasable EPROM 
sector, the term "local" means that the signal on the line is local to that EPROM sector and is not 
provided to any other simultaneously erasable EPROM sector. The term "global" as used in 
describing a line that carries a signal for a simultaneously erasable EPROM sector means that the 
line provides the signal to at least one other such sector. A "global" line can be global to the 
entire EPROM or to a group, often called a mat, of the EPROM sectors. 

[0029] Fig. 1 illustrates part of a flash EPROM configured in accordance with the invention 
to substantially alleviate undesired opposite-direction voltage movement during the discharge 
portions of erasure operations. The core of the EPROM circuitry in Fig. 1 is a multiplicity of 
largely identical memory cells 20 arranged in rows and columns. Four memory cells 20 are 
depicted in Fig. 1 . Cells 20 respectively store bits of data where each bit is either a high logic " 1 " 
or a low logic "0". 

[0030] All of cells 20 in Fig. 1 are simultaneously erasable to logic "1". Cells 20 in Fig. 1, 
along with the associated local lines and circuitry, thereby form one of the above-mentioned 
simultaneously erasable EPROM sectors. Figs. 1 1 and 12, described below, illustrate how the 
EPROM is divided into a set of mats where each mat contains an array of the EPROM sectors. 
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[0031] Each memory cell 20 is implemented with a memory element consisting of an 
n-channel floating-gate FET whose programmable threshold voltage is varied during display 
operation for storing a logic "1" or a logic "0". As further shown in Figs. 2 and 3, each 
floating-gate memory FET 20 has a pair of heavily doped n-type source/drain regions S and D 
laterally separated from each other by a channel portion of a p-type body region BR of the 
semiconductor body. Body region BR forms a pn junction with each of source/drain regions S 
and D. Except during programming operations, regions S and D normally respectively function 
as source and drain and, for convenience, are hereafter respectively referred to as source S and 
drain D. 

[0032] A floating-gate electrode (again, often simply "floating gate") FG overlies the channel 
portion of body region BR and is separated from the semiconductor body, including the channel 
portion, by a gate dielectric layer GD. A control gate electrode (again, often simply "control 
gate") CG overlies floating gate FG and is separated from gate FG by an intergate dielectric layer 
IGD. Dielectric spacers SP are situated along the sidewalls of gates FG and CG. The 
combination of electrical insulating regions GD, IGD, and SP fully surrounds floating gate FG. 

[0033] In the example of Figs. 1-3, each floating-gate memory FET 20 is a split-gate device 
having a select-gate electrode (again, often simply "select gate") SG that overlies part of the 
channel portion to the side of gates FG and CG. Select gate SG is separated from gates FG and 
CG by one of spacers SP and from the semiconductor body, including the channel portion, by 
gate dielectric layer GD. Since select gate SG overlies part of the channel portion, gates FG and 
CG overlie part (another part) of the channel portion. Gate SG extends partially over drain D. 
Gates FG and CG extend partially over source S. 

[0034] Floating-gate FETs 20 can be implemented as p-channel devices provided that the 
polarities of the voltages applied to FETs 20 are largely reversed. In that case, the conductivity 
types of regions S, D, and BR are also reversed. Each FET 20 is either in a first condition, 
sometimes referred to as the erased condition, or in a second condition, sometimes referred to as 
the programmed condition, dependent on the value of that FETs programmable threshold 
voltage. 

[0035] A floating-gate FET 20 implemented as an n-channel device is in the first, or erased, 
condition when its programmable threshold voltage is less than first transition value V T i which 
can be positive, zero, or negative. An FET 20 implemented as a p-channel device is in the first 
condition when its programmable threshold voltage is greater than -V T i. Analogous to V T i, -V T i 
can be negative, zero, or positive. An FET 20 in the first condition stores a logic "1". 
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[0036] A floating-gate FET 20 implemented as an n-channel device is in the second, or 
programmed, condition when its programmable threshold voltage is greater than positive second 
transition value Vt2- In addition to being greater than zero, second transition value V T 2 is greater 
than or equal to first transition value V T i. An FET 20 implemented as a p-channel device is in 
the second condition when its programmable threshold voltage is less than -Vj2. Since Vj2 is 
positive and greater than or equal to V T i, -V T 2 is negative and less than (more negative than) or 
equal to -V T i. An FET 20 in the second condition stores a logic "0". 

[0037] Second threshold transition value V T 2 is normally greater than first threshold 
transition value V T i so that the two FET conditions are separated by a finite voltage space. In a 
typical implementation, value V T 2 is 4 - 6 V, typically 5 V, while value V T i is -1 - 1 V, typically 
0 V. 

[0038] The two FET conditions for each FET 20 are physically demarcated by the 
presence/absence of a primary inversion layer IV in body region BR along the upper 
semiconductor surface below floating gate FG when a control voltage is applied at a suitable 
nominal value between control gate CG and source S. Primary inversion layer IV adjoins source 
S and is spaced apart from drain D. The control voltage is of such a nature that the potential of 
control gate CG is greater than the potential of source S when FET 20 is an n-channel device and 
less than the potential of source S when FET 20 is a p-channel device. When second transition 
value V T 2 is greater than first transition value V T i, the nominal value of the control voltage 
typically lies (a) between transition values V T i and V T 2 when FET 20 is of n-channel type and (b) 
between -V T 2 and -Vti when FET 20 is of p-channel type. 

[0039] Primary inversion layer IV is present when FET 20 is in the first, or erased, condition 
and stores a logic "1". Inversion layer IV is absent when FET 20 is in the second, or 
programmed, condition and stores a logic "0". A dotted line is utilized in Figs. 2 and 3 to 
indicate the location of layer IV because its presence/absence depends on whether illustrated FET 
20 is in the first or second condition. 

[0040] Floating-gate memory FETs 20 in the EPROM sector of Fig. 1 are operated and 
controlled generally in the following way. Before performing an operation to write information 
into FETs 20, an erasure operation is performed simultaneously on all of FETs 20 so that they are 
all in the first, or erased, condition at logic "1" with their programmable threshold voltages (a) 
less than V T i if FETs 20 are of n-channel type or (b) greater than -V T i if FETs 20 are of 
p-channel type. Part, and potentially all, of FETs 20 may be in the erased condition prior to 
erasure. Each FET 20, if any, that is not in the erased condition immediately before erasure is 
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thus placed in the erased condition substantially simultaneously as each other FET 20, if any, that 
is likewise not in the erased condition immediately before erasure. 

[0041] After erasure is completed, information can be written into the EPROM sector of Fig. 
1 . Writing is accomplished by performing a programming operation on certain selected ones of 
floating-gate FETs 20 to place those selected FETs 20 in their second, or programmed, condition 
at logic "0" with their programmable threshold voltages (a) greater than V T 2 if FETs 20 are of 
n-channel type or (b) less than -V T 2 if FETs 20 are of p-channel type. At the end of a typical 
programming/write (or simply "programming' 1 ) operation, some of FETs 20 are typically in the 
programmed condition at logic "0" while others remain in the erased condition at logic "1". A 
read operation can now be performed to determine the information stored in various ones of 
FETs 20. 

[0042] Floating-gate memory FETs 20 are accessed and controlled through a column/sector 
decoder 22 and a row/sector decoder 24. In addition to decoders 22 and 24, FETs 20, and the 
memory FETs in the other EPROM sectors, the EPROM of Fig. 1 includes a write buffer, a 
groups of sense amplifiers, a read buffer, and input/output circuitry (all not shown). Although 
illustrated memory FETs 20 are employed in only one EPROM sector, decoders 22 and 24 along 
with the write buffer, sense amplifiers, read buffer, and input/output circuitry service the entire 
EPROM. The various EPROM components, including decoders 22 and 24, are collectively 
connected between a source of a high supply voltage V D d and a source of a low supply V S s 
whose difference defines a supply voltage range V D d - V S s. High supply voltage V DD is typically 
3 V. Low supply voltage V S s is typically 0 V (ground reference). 

[0043] The configuration and operation of the EPROM components is described below for 
the illustrated case in which FETs 20 are n-channel devices. The voltage polarities can largely be 
reversed if FETs 20 are implemented as p-channel devices. 

[0044] Column/sector decoder 22 is connected to drains D of floating-gate FETs 20 by way 
of local bit lines 26 that carry bit- line voltage signals V D . Decoder 22 receives column address 
signals V C ad, sector selection signals (not indicated in Fig. 1), and various column control signals 
(also not indicated in Fig. 1). When the sector selection signals are set at values that select the 
EPROM sector illustrated in Fig. 1, an erase, programming, or read operation can be performed 
on FETs 20. For an erase operation, decoder 22 is controlled so as to let bit-line voltages V D 
float on all of bit lines 26 for the illustrated sector. 

[0045] When a programming operation is being performed, column/sector decoder 22 
provides data from the write buffer (again, not shown) to selected ones of bit lines 26 in response 
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to column address signals V C ad and the column control signals. Row/sector decoder 24 selects a 
row of FETs 20 so that information on selected bit lines 26 is programmed into FETs 20 at the 
intersection of that row and the selected bit lines 26. On each selected bit line 26 connected to an 
FET 20 being programmed to a logic "0", bit-line voltage V D is at V S s during the programming 
operation. Bit-line voltages Vd on all other bit lines 26, both selected and unselected, in the 
illustrated EPROM sector are at V D d during the programming operation. 

[0046] For a read operation, row/sector decoder 24 selects a row of FETs 20. Responsive to 
column address signals V C ad and the column control signals, column/sector decoder 22 provides 
the information stored in FETs 20 at the intersection of a selected row and selected ones of bit 
lines 26 to the sense amplifiers (again, not shown). The sense amplifiers determine (detect and 
amplify) the information read out of the selected FETs 20 and provide that information to the 
write buffer (again, not shown). Further information on a typical implementation of 
column/sector decoder 22 is presented in Kim, U.S. patent application 10/640,929, filed 5 August 
2003, the contents of which are incorporated by reference herein. 

[0047] Row/sector decoder 24 contains select-line/source-line decoding and 
voltage-generation circuitry 30, a control-line decoder 32, a low-voltage generator 34, 
control-line discharge circuitry 36, a high-voltage generator 38, a body-line decoder 40, a 
high- voltage generator 42, body-line discharge circuitry 44, and common discharge circuitry 46. 

[0048] Select-line/source-line decoding and voltage-generation circuitry 30 (referred to, for 
simplicity, as "select/source decoder 30") receives row address signals Vrad, select-line selection 
(or selection/control) signals Vsgs, and source- line selection (or selection/control) signals V S ls- 
Programming, erase, read, sector choice, and other control functions are selected by providing 
select-line selection signals Vsgs and source-line selection signals V S ls at suitable values. Row 
address signals Vrad are normally generated in such a manner that only one row of memory 
FETs 20 is selected for a programming or read operation at a time. 

[0049] Responsive to row address signals Vrad and select-line selection signals Vsgs, 
select/source decoder 30 provides row-selection voltage signals Vsg respectively on global word 
lines 50 respectively corresponding to the rows of floating-gate FETs 20. Word lines 50 are 
global to each group of EPROM sectors that form a mat. Some of word lines 50 typically go to 
EPROM sectors other than the illustrated sector. Each word line 50 for the illustrated sector is 
connected to select gates SG of FETs 20 in a different cell row. When select-line selection 
signals V S gs are at values that select the EPROM sector having FETs 20 illustrated in Fig. 1 , 
further setting signals V S gs at values that select erasure causes row-selection voltages Vsg on all 
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word lines 50 in the illustrated EPROM sector to be at an intermediate value V| TM between V S s 
and V D d but closer to V D d- Intermediate value Vum is typically 2 V above Vss and thus typically 
1 V below V D d. 

[0050] Setting select-line selection signals Vsgs at values that select programming causes 
row-selection signal Vsg on word line 50 for a selected row of FETs 20 to be at intermediate 
value Vjtm- Voltages V S gs on all other word lines 50 are at V S s- Setting signals V S gs at values 
that select read causes voltage Vsg to be at Vdd on word line 50 for a selected row of FETs 20. 
Voltages V S g are at Vss on all other word lines 50 during the read operation. 

[0051] Responsive to source-line selection signals V S ls and row address signals Vrad, 
select/source decoder 30 provides local source-line programming voltage signals Vsl 
respectively on local source lines 52. Some of source lines 52 are local to the illustrated EPROM 
sector whereas others are local to other sectors. Each source line 52 for the illustrated sector is 
connected to sources S of FETs 20 in one or more, typically four, rows of FETs 20s for providing 
an associated one of source-line voltages V S l to those sources S. When source-line selection 
signals V SL s are at values that select the EPROM sector of Fig. 1, further settings signals V S ls at 
values that select erasure causes the source/line circuitry of decoder 30 to be effectively 
electrically disconnected from source lines 52 for the illustrated sector. Consequently, 
source-line voltages V S l on source lines 52 for the illustrated sector float during erasure. 

[0052] When source-line selection signals V S ls are at values that select programming, 
select/source decoder 30 provides source-line voltages V S l at a high source programming value 
V S ph on source line 52 connected to FETs 20 in the selected cell row and typically in three other 
cell rows. Source programming value V S ph is considerably greater than V D d, e.g., typically 3 V 
above V D d and thus typically 6 V above V S s- Voltages V S l on all other source lines 52 in the 
illustrated EPROM sector are at V S s- Decoder 30 contains high-voltage generation circuitry, 
normally a charge pump, that generates the high V S ph value for source-line signals V SL - Placing 
source-line selection signals Vsls at values that select read causes voltages V S l to be at V S s on all 
source lines 52 in the illustrated sector. 

[0053] Control-line decoder 32 receives an erasure control voltage signal V C e on a line 54 
connected to low-voltage generator 34 normally implemented with a charge pump. Low-voltage 
generator 34 adjusts erasure control voltage V C e in response to a generator control signal V C lc- 
Control-line discharge circuitry 36 is connected by way of a line 56 to a control node Nc on line 
54. Common discharge circuitry 46 is similarly connected through a line 58 to control node Nc- 
Lines 56 and 58 actually typically connect to line 54 at different places and thus at two different 
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nodes on line 54. However, the two nodes are substantially electrically equivalent and, for 
convenience, are simply termed here as control node Nc at which voltage Vce is present. As 
discussed below, voltage Vce varies from an erasure control discharge value, typically V S s> to a 
low erasure control conditioning value Vcel considerably below Vss- Erasure control 
conditioning value Vcel is typically 1 0 V below Vss- 

[0054] Control-line discharge circuitry 36 typically contains (a) circuitry, referred to as 
"strong-ground" circuitry, for connecting line 56 to the V S s supply and (b) circuitry, referred to as 
"weak-ground" circuitry, for further connecting line 56 to the V S s supply. An example of 
discharge circuitry 36 as implemented with the strong-ground and weak-ground circuitries is 
described below in connection with Fig. 10. 

[0055] An erasure operation consists of a main erasure portion and an erasure voltage 
discharge portion. Control-line discharge circuitry 36 is provided with four signals that variously 
control the timing of the main erasure and discharge portions of an erasure operation: an 
erasure/discharge voltage signal V ED , an erasure-only voltage signal V EO , an 
erasure-voltage-detection voltage signal V IM , and a longer-duration erasure-voltage-detection 
voltage signal Vi T . Erasure/discharge voltage V E d establishes the full length, including the 
discharge portion, of an erasure interval. Erasure-only voltage V E o establishes the length of the 
main erasure portion of an erasure interval. Erasure-only voltage V E o is provided to common 
discharge circuitry 46. Low-voltage generator 34 and discharge circuitries 36 and 46 cooperate 
as described below to produce erasure control voltage Vc E . Erasure-voltage-detection voltages 
Vim and Vi T are, as discussed further below, both generated from an additional 
erasure- voltage-detection voltage signal. 

[0056] A programming control voltage signal V C p is provided from high- voltage generator 
38, normally implemented with a charge pump, to control-line decoder 32 on a line 60. In 
response to a generator control signal V C hc, generator 38 adjusts programming control voltage 
V C p between V D d and a high programming control value V C ph substantially greater than V D d- 
Programming control value V C ph is typically 7 V above V D d and thus typically 10 V above V S s- 
Decoder 32 also receives row address signals Vrad, control-line selection (or selection/control) 
signals V C ls, and erasure-voltage-detection (generally simply "detection") voltages V IM and V iT . 
Programming, erase, read, sector choice, and other control functions are selected by providing 
control-line selection signals Vcls at suitable values. 

[0057] Using programming control voltage V C p, high supply voltage V D d, low supply voltage 
V S s, and erasure control voltage Vce, control-line decoder 32 generates control-line 
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programming/erasure signals V C l respectively on local control lines 62 in response to row 
address signals Vrad, control-line selection signals V CL s, and detection voltages Vim and V, T . 
Some of control lines 62 are local to the illustrated EPROM sector while others are local to other 
EPROM sectors. Each of control lines 62 for the illustrated sector is connected to control gate 
CGs of FETs 20 in one or more, typically four, rows of FETs 20 for providing an associated one 
of control-line signals V SL to those control gates CG. Each cell row connected to a particular 
control line 62 is connected to a different source line 52. 

[0058] Each control-line voltage V CL is provided from control-line decoder 32 so as to settle 
at one of the following four values (running from highest to lowest) during EPROM operation: 
Vcph, V DD , V ss , and V CE l- When control-line selection signals V CL s are set at values that select 
the EPROM sector of Fig. 1, further setting signals V CL s at values that select erasure cause 
control-line signals V CL to go from V ss downward to low erasure control conditioning value 
Vcel on all control lines 62 for the illustrated EPROM sector during the main portion of the 
erasure operation. Control-line voltages V CL on control lines 62 in the illustrated EPROM sector 
are subsequently returned to V ss during the discharge portion of the erasure operation in the 
inventive manner described below. 

[00591 Setting control-line selection signals V CL s at values that select programming causes 
control-line voltage V C l to be provided at high programming voltage V CPH on control line 62 
connected to FETs 20 in the selected cell row and typically in three other cell rows. Control-line 
voltages V CL are at V ss on all other control lines 52 for the illustrated EPROM sector. With 
select-line selection signals V SL s to select/source decoder 30 being simultaneously set at values 
that select programming for the sector of Fig. 1, source-line voltage V SL is provided at high 
programming value V SPH on source line 52 connected to FETs 20 in the selected cell row and 
typically to three other cell rows that differ from the additional three cell rows that receive high 
control-line programming voltage V C ph at the same time as the selected cell row. As determined 
by bit-line voltages V D on bit lines 26, certain of FETs 20 in the selected row undergo 
programming to logic "0". No FET 20 in any of the other rows undergoes programming to logic 
"0" because none of them receives both of high programming voltages V S ph and V CPH at the 
same time as the selected row. 

[0060] Setting control-line selection signals V CLS at values that select read causes control-line 
voltage V CL to be at V DD on control line 62 for the selected row of floating-gate FETs 20 and, in 
the preferred embodiment mentioned above, for three other rows of FETs 20. Control-line 
voltages V CL are normally at V ss on all other control lines 62 for the illustrated EPROM sector 
during the read operation. Since select-line voltages V SG are provided at V DD on word line 50 for 
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the selected cell row and at V ss on lines 50 for all other cell rows in the illustrated sector, certain 
of FETs 20 in the selected cell row undergo reading as determined by bit-lines voltages V D on bit 
lines 26. 

[0061] Body-line decoder 40 receives an erasure body voltage signal V B e on a line 64 
connected to high-voltage generator 42 normally implemented with a charge pump. 
High-voltage generator 42 adjusts erasure body voltage V BE in response to generator control 
signal Vbhc- Body-line discharge circuitry 44 is connected by way of a line 66 to a body node 
N B on line 64. Common discharge circuitry 46 is similarly connected through a line 66 to body 
node N B . Analogous to what was said above about lines 56 and 58 relative to control node N c , 
lines 66 and 68 are actually typically connected to line 64 at two different places and therefore at 
two different nodes on line 64 but, because these two nodes on line 64 are substantially 
equivalent electrically, they are treated here as body node N B at which voltage V BE is present. As 
discussed below, voltage V BE varies from an erasure body discharge value, typically V DD , to a 
high erasure conditioning body value V BEH considerably greater than V DD . Erasure body 
conditioning value V BEH is typically 5 V above V DD and thus typically 8 V above V ss . 
[0062] Body-line discharge circuitry 44 is provided with erasure-only voltage V EO and 
detection voltage V, M which, in combination with erasure/discharge voltage V ED and detection 
voltage V IT , largely control the timing of the main erasure and discharge portions of an erasure 
operation. High-voltage generator 42, body-line discharge circuitry 44, and common discharge 
circuitry 46 cooperate as described below to produce erasure body voltage V BE . 
[0063] In addition to erasure body voltage V BE , body-line decoder 40 receives body-line 
selection (or selection/control) signals V BLS and an erasure-starting erasure-voltage-detection 
voltage signal V E1 . Programming, erase, read, sector choice, and other control functions are 
selected by supplying body-line selection signals V BL s at suitable values. Erasure-starting 
erasure-voltage-detection (generally simply "detection") voltage V E1 is basically a combination of 
erasure-only voltage V EO and detection voltage V IM - At the beginning of an erasure operation, 
erasure-starting detection voltage V EI makes a transition at largely the same time as erasure-only 
voltage V EO - During the erasure discharge portion, voltage V E1 makes a reverse transition at 
largely the same time as detection voltage Vim- 

[0064] Using erasure body voltage V BE and low supply voltage V ss , body-line decoder 40 
provides body-line voltage signals V BL respectively on sector body lines 70 in response to 
body-line selection signals V BLS and erasure-starting detection voltage V El . Each body line 70 is 
connected to body regions BR, including their channel portions, of all the memory cells in an 
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associated (different) one of the EPROM sectors. Hence, one line 70 is connected to regions BR 
of all FETs 20 in the illustrated sector. 

[0065] Each body-line voltage V BL is provided from body-line decoder 40 so as to settle at 
Vbeh or V ss during EPROM operation. When body-line selection signals V B ls are at values that 
select the EPROM sector of Fig. 1, further setting signals V B ls to select erasure causes body-line 
signal V BL on body line 70 connected to body regions BR of FETs 20 in the illustrated EPROM 
sector to go from V ss to high erasure body conditioning value V BE h, again typically 8 V above 
Vss, during the main portion of the erasure operation. With control-line voltages V CL on all 
control lines 62 in the illustrated sector simultaneously going from V ss to low erasure control 
conditioning value V CEL , again typically 10 V below V ss , during the main erasure portion, all of 
FETs 20 in the illustrated sector are simultaneously erased. Body-line voltage V BL on body line 
70 for the selected sector is returned to V ss during the erasure discharge portion as described 
below. 

[0066] Setting body-line selection signals V BLS at values that select programming or read 
causes body-line voltage V BL on body line 70 for the illustrated EPROM sector to be at V ss . 
Voltage V B l on line 70 of the illustrated sector is also at V ss when the EPROM is powered but 
the illustrated sector is in a standby mode. 

[0067] Body-line decoder 40, high-voltage generator 42, and body-line discharge circuitry 44 
have been described here as parts of row/sector decoder 24 due to the interaction of body-line 
decoder 40 with control-line decoder 32 by way of common discharge circuitry 46. However, 
body-line decoder 40 does not receive row address signals Vrad. Alternatively, decoder 40 could 
be viewed as part of both column/sector decoder 22 and row/sector decoder 24. Since body-line 
decoder 40 does not receive any of column address signals V C ad, decoder 40 could also be 
viewed as separate from each of decoders 22 and 24. 

[0068] Select/source decoder 30, control-line decoder 32, and body-line decoder 40 have 
been described here, and illustrated in Fig. 1, as separate decoders. However, control-line 
decoder 32 and the source-line decoding circuitry of select/source decoder 30 operate in 
synchronism. Part of the circuitry that processes row address signals Vrad and control-line 
selection signals V CL s in control-line decoder 32 can be the same as part of the circuitry that 
processes signals Vrad and source-line selection signals V SL s in select/source decoder 30. One 
of signals V CLS is one of signals V SL s • Accordingly, the total amount of circuitry needed for 
decoders 30, 32, and 40 can be reduced by partially merging them together. Additionally, part of 
the voltage-generation circuitry in select/source decoder 30 can be the same as part of the charge 
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pump that implements high- voltage generator 38 and/or the same as part of the charge pump that 
implements high-voltage generator 42. The total amount of circuitry can thus be further reduced 
by merging the voltage-generation circuitry of select/source decoder 30 with one or both of 
high- voltage generators 38 and 42. 

[0069] With the foregoing in mind, a fuller understanding of how discharge circuitries 36, 44, 
and 46 are utilized with control-line decoder 32 and body-line decoder 40 in performing an 
erasure operation is facilitated with the assistance of the voltage timing curves shown in Fig. 4. 
The V BL curve in Fig. 4 indicates how body-line voltage V B l varies on body line 70 for the 
EPROM sector illustrated in Fig. 1 during an erasure operation. The V C l curve indicates how 
control-line voltage V C l varies on any of control lines 62 in the illustrated sector during erasure. 
Erasure/discharge voltage V ED , erasure-only voltage V EO , erasure-starting detection voltage V E i, 
and detection voltages Vim and Vit all make transitions between V ss (low) and V D d (high). 

[0070] Each memory cell FET 20 contains a logic "0" or a logic " 1 " immediately before an 
erasure operation. That is, each FET 20 is initially in the erased condition at logic " 1 " with the 
cell's programmable threshold voltage less than first transition value V T i or is initially in the 
programmed condition at logic "0" with the cell's programmable threshold voltage greater than 
second transition value Vj2- 

[0071] The EPROM is prepared for an erasure operation by placing selection signals V S os, 
Vsls, V C ls, and V B ls, along with the control signals (not shown) to column/sector decoder 22, at 
values that select erasure for the illustrated EPROM sector. The preparation for erasure is 
completed at or shortly before initial time to- Bit-line voltages V D on all bit lines 26 for the 
illustrated sector float. Source-line voltages V SL on all source lines 52 for the illustrated sector 
likewise float. Select-line voltages V S g on all word lines 50 for the illustrated sector go to Vitm, 
again typically 2 V above V ss and thus 1 V below V D d- At initial time to, erasure/discharge 
voltage V ED , erasure-only voltage V EO , and detection voltage Vim are all low (V ss ) while 
erasure-starting detection voltage V E i and detection voltage Vit are both high (V D d). 
[0072] The low V EO and high V iM values at time to cause body-line discharge circuitry 44 to 
electrically connect line 66 to the V DD supply. Due to the high V EO value, the voltage on line 68 
is not significantly affected by common discharge circuitry 46 at time to. Generator control 
signal Vbhc is initially at a value that causes high-voltage generator 42 to be turned off. At time 
to, generator 42 therefore does not significantly affect the voltage on line 64. Consequently, body 
node N B at the intersection of lines 64, 66, and 68 is effectively electrically disconnected from 
common discharge circuitry 46 and high-voltage generator 42 at time to- 
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[0073] Prior to selecting the illustrated EPROM sector for an erasure operation, body line 70 
for the selected sector is typically connected to the V S s supply by a pair of electrical paths 
through body-line decoder 40 as described below in connection with Fig. 14. One of the paths 
include one or more resistors and provides a soft electrical connection to the V S s supply. The 
other path provides a hard electrical connection to the V S s supply. 

[0074] The combination of the high V E i value at time to and the V B ls selection-signal values 
that result in the selection of the illustrated EPROM sector causes body line 70 for the selected 
sector to be electrically disconnected from the V S s supply by the hard electrical path through 
body-line decoder 40. However, line 70 for the selected sector remains electrically connected to 
the V ss supply by way of the soft electrical path through decoder 40. Hence, body- line voltage 
V B l on line 70 for the illustrated sector equals V S s at time to. Line 70 for the illustrated sector is 
also electrically disconnected from line 68 at time to so that decoder 40 does not affect erasure 
body voltage V B e at body node N B . Since node N B is initially electrically connected through line 
66 and body-line discharge circuitry 44 to the V D d supply, voltage V BE equals V D d, the preferred 
erasure body conditioning value, at time to. 

[0075] The low V ED , V eo , and Vi M values at time to in combination with the high Vrr value 
cause control-line discharge circuitry 36 to electrically connect line 56 to the V S s supply. When 
circuitry 36 contains strong-ground and weak-ground circuitries, both the strong-ground and 
weak-ground circuitries connect line 56 to the V S s supply. Due to the low V EO value, the voltage 
on line 58 is not significantly affected by common discharge circuitry 46 at time t 0 . Generator 
control signal V C lc is initially at a value that causes low- voltage generator 34 to be turned off. 
At time to, generator 34 thus has no significant effect on the voltage on line 54. Accordingly, 
control node N c at the intersection of lines 54, 56, and 58 is effectively electrically disconnected 
from common discharge circuitry 46 and low-voltage generator 34 at time to. Because circuitry 
46 is also initially effectively electrically disconnected from body node N B , circuitry 46 
electrically isolates nodes N B and Nc from each other at time to. 

[0076] At time to and during the entire erasure operation, generator control signal V C hc is at a 
value that causes high- voltage generator 38 be turned off. Hence, generator 38 does not 
significantly affect control programming voltage V C p on line 60 to control-line decoder 32 during 
erasure. Accordingly, generator 38 has no significant effect on erasure control voltage V CE 
during erasure. 

[0077] Prior to selecting the illustrated EPROM sector for erasure, control lines 62 for the 
selected sector are typically connected to the V ss supply by an electrical path through control-line 
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decoder 32. At time to, the combination of the low V 1M value, the high Vi T value, and the V CL s 
selection-signal values that lead to the selection of the illustrated EPROM sector (a) cause this 
electrical path to be broken so that control lines 62 for the illustrated sector are no longer 
electrically connected through decoder 32 to the V S s supply and (b) simultaneously cause 
decoder 32 to electrically connect line 54 to control lines 62 for the illustrated sector. Since 
erasure control voltage Vce is present at control node Nc on line 54 and since node N c is initially 
connected through line 56 and control-line discharge circuitry 36 to the V S s supply, erasure 
control voltage V C e and control-line voltages V C l for the illustrated sector all equal V S s, the 
preferred erasure control discharge value, at time to. 

[0078] The main erasure portion of the overall erasure operation begins at time ti . 
Erasure/discharge voltage V E d and erasure-only voltage V E o transition high while 
erasure-starting detection voltage V E i transitions low. The high V E o value causes line 66 to be 
electrically disconnected from the V D d supply through body-line discharge circuitry 44. The 
high V EO value also causes common discharge circuitry 46 to reinforce the electrical isolation 
that it provides between nodes N B and N c . With body node N B substantially electrically isolated 
from body-line discharge circuitry 44 and common discharge circuitry 46, generator control 
signal Vbhc changes to a value that causes high-voltage generator 42 to turn on. Generator 42 
then pumps erasure body voltage V B e upward from body discharge value V DD to high body 
conditioning value V B eh- 

[0079] The low V E i value at time tj (a) causes body line 70 for the illustrated EPROM sector 
to be fully electrically disconnected from the V S s supply through body-line decoder 40, i.e., lines 
70 for the selected sector now become electrically disconnected from the V S s supply via the soft 
electrical path through decoder 40, and (b) simultaneously cause decoder 40 to electrically 
connect line 64 to lines 70 for the illustrated sector. Erasure body voltage V BE then pulls 
body-line voltage V BL for the selected sector upward from V S s to V BE h. Erasure body voltage 
V BE is thereby converted into body-line voltage V BL for the selected sector during erasure. 

[0080] The high V ED and V EO values at time ti cause line 56 to be electrically disconnected 
from the V S s supply through control-line discharge circuitry 36. This applies to both the 
strong-ground and weak-ground circuitries in decoder 36 when it so implemented. With control 
node N c substantially electrically isolated from control-line discharge circuitry 36 and common 
discharge circuitry 46, generator control signal V C lc changes to a value that causes low-voltage 
generator 34 to turn on. This enables generator 34 to pump erasure control voltage V C e 
downward from control discharge value V S s to low control conditioning value V C el. Line 54 
remains electrically connected to control line 64 for the selected EPROM sector. Erasure control 
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voltage V C e then pulls control-line voltages V C l for the selected sector downward from V S s to 
Vcel- In this way, erasure control voltage V C e is converted into control-line voltages V C l for the 
selected sector during erasure. 

[0081] Erasure control voltage V C e is detected by suitable voltage-detection circuitry (not 
shown) which produces the above-mentioned additional erasure-voltage-detection voltage (not 
shown in Fig. 2) and causes the additional detection voltage to make transitions when voltage 
Vce passes (upward and downward) through a specified value V C ex between V S s and low value 
Vcel- Detected value V C ex is typically 5 V below V S s. 

[0082] Detection voltages Vn and Vi M are generated from the additional detection voltage by 
voltage-generation circuitry (not shown) which causes detection voltage Vn to transition low at 
time t 2 during the main portion of the erasure operation as erasure control voltage V C e passes 
value V C ex in moving downward from V S s to V C el. The voltage-generation circuitry delays 
detection voltage Vim by a selected initial time delay, typically 100 ns, from detection voltage 
Vu so that detection voltage V !M transitions high at slightly later time t 3 as voltage V C e continues 
moving downward to V C el- These two transitions prepare discharge circuitries 44 and 36 for 
later transitions in voltages V JM and V [T but do not affect erasure voltage V B e or Vce- The Vrr 
transition at time t 2 and the V IM transition at time t 3 likewise do not affect the electrical 
connection of line 54 to control lines 62 for the illustrated EPROM sector. 

[0083] Erasure control voltage V C e and control-line voltages V C l for the illustrated EPROM 
sector reach low control conditioning value Vcel approximately simultaneously at a time 
subsequent to time t 3 . Erasure body voltage V B e and body-line voltage V B l for the selected 
sector reach high body conditioning value V B eh approximately simultaneously at a time 
subsequent to time ti. With all of bit-line voltages V D and source-line voltages V S l for the 
illustrated EPROM sector still floating and with all of select-line voltages V S g for the illustrated 
sector still at Vitm, the combination of the high V BE h value of body-line voltage V BL for the 
illustrated sector and the low V C e value of control-line voltages Vcl for the illustrated sector 
causes all of floating-gate memory FETs 20 to be erased simultaneously to logic "1". 

[0084] More particularly, electrons on floating gate FG of each, if any, FET 20 which was 
initially in the programmed condition at logic "0" with that FETs programmable threshold 
voltage greater than second transition value V T 2 tunnel through gate dielectric GD of that FET 20 
to its body region BR, specifically that FETs channel portion, to place that FET 20 in the erased 
condition at logic "1" with that FETs programmable threshold voltage less than first transition 
value Vti- The tunneling mechanism is Fowler-Nordheim tunneling. Each FET 20, if any, 
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which was initially in the erased condition at logic "1" with that FET's programmable threshold 
voltage less than V T i remains in the erased condition. At the end of the main portion of the 
erasure operation, each FET 20 is in the erased condition regardless of that FET's immediately 
previous condition. 

[0085] The main portion of the erasure operation ends at time t 4 as generator control signals 
Vbhc and Vclc change to values that respectively cause high- voltage generator 42 and 
low-voltage generator 34 to turn off. Body node N B again effectively becomes electrically 
disconnected from generator 42. Control node N c likewise again effectively becomes electrically 
disconnected from generator 34. 

[0086] Erasure-only voltage V E o transitions low at time t 4 to begin the discharge portion of 
the erasure operation. The low V E o value causes common discharge circuitry 46 to electrically 
connect nodes N B and N c to each other by way of an electrical path through circuitry 46. This 
enables erasure body voltage V B e to start discharging downward toward an erasure body 
discharge value between body conditioning value V B eh and control conditioning value V C el- 
The electrical connection of nodes N B and N c causes erasure control voltage V C e to 
simultaneously start discharging upward toward an erasure control discharge value between 
conditioning values V BE h and Vcel- 

[0087] The erasure body discharge value is greater than or equal to the erasure control 
discharge value. Preferably, the body discharge value is somewhat greater than the control 
discharge value. In a preferred implementation, the body discharge value is V D d as indicated 
above while the control discharge value is V S s as likewise indicated above. V D d and V S s are 
respectively used as the body and control discharge values in the material below. The body 
discharge value exceeds the control discharge value by the supply-voltage range V DD - V S s> 
typically 3 V. 

[0088] Line 64 continues to be electrically connected to body line 70 for the illustrated 
EPROM sector. Accordingly, erasure body voltage V BE starts to pull body-line voltage V BE for 
the illustrated sector downward. Line 54 likewise continues to be electrically connected to 
control line 62 for the illustrated sector. Erasure control voltage V CE thereby starts pulling 
control-line voltages V C l for the illustrated sector upward to control discharge value V S s- 

[0089] During the discharge portion of the erasure operation, the voltage-generation circuitry 
which generates detection voltages Vrr and Vi M from the additional detection voltage produced 
by the voltage-detection circuitry that detects erasure control voltage V CE causes detection 
voltage Vim to transition low at time t 5 as control voltage V CE passes value V CE x in moving 
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upward from V C el to control discharge value Vss- With erasure control voltage V C e already 
being low, the low Vi M value causes body-line discharge circuitry 44 to electrically connect the 
V D d supply to line 66 connected to body node N B . This establishes an additional discharge path 
for erasure body voltage V B e to the V D d supply. Circuitry 44 thereby assists common discharge 
circuitry 46 in pulling voltage V B e downward. 

[0090] The low Vi M value also causes control-line discharge circuitry 36 to electrically 
connect the V S s supply to line 56 connected to control node N c . This connection similarly 
establishes an additional path for discharging erasure control voltage Vce to the Vss supply. 
Consequently, circuitry 36 assists common discharge circuitry 46 in pulling voltage V C e upward 
to control discharge value Vss- When control-line discharge circuitry 36 contains strong-ground 
and weak-ground circuitries, the connection of line 56 to the Vss supply is made through the 
weak-ground circuitry at time t 5 . The current path for line 56 through the weak-ground circuitry 
to the V S s supply preferably includes one or more resistors that limit the current in order to 
prevent the EPROM from being damaged. 

[0091] Erasure-starting detection voltage V E i transitions high at time t 5 as detection voltage 
V IM goes low. The high V E i value (a) causes body-line decoder 40 to electrically disconnect 
body line 70 for the illustrated EPROM sector from line 64 and (b) simultaneously causes body 
line 70 for the illustrated sector to be electrically connected to the V S s supply by way of the hard 
electrical path through decoder 40. Since line 64 carries erasure body voltage V BE , body-line 
voltage V BL for the illustrated sector becomes electrically isolated from voltage V BE . With body 
line 70 for the illustrated sector now being electrically connected to the V S s supply, body-line 
voltage V B l for the illustrated sector is then pulled downward past body discharge value V D d to 
V ss . 

[0092] The voltage-generation circuitry which generates detection voltages Vi M and Vi T 
delays detection voltage Vi T by a selected further time delay, typically 100 ns, from detection 
voltage V IM so that detection voltage Vi T transitions high at time t 6 slightly later than time t 5 
while erasure control voltage Vce continue moving upward to control discharge value V S s- The 
high Vit value prepares control-line discharge circuitry 36 for the subsequent high-to-low 
transition in erasure/discharge voltage V E d but does not affect erasure body voltage V BE . The 
Vim transition at time t 5 and the Vi T transition at time U prepare control-line decoder 32 for the 
completion of erasure but do not affect the electrical connection of line 54 to control lines 62 for 
the illustrated EPROM sector. 
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[0093] Voltages V B e and V C e reach their respective discharge values V DD and V S s subsequent 
to time t 6 . This causes voltages V B l and V C l for the illustrated EPROM sector to reach V S s 
subsequent to time t 6 . As voltages V B e and V C e get close to their respective discharge values 
V D d and V S s> common discharge circuitry 46 automatically breaks the electrical path that 
electrically connects nodes N B and N c . Circuitry 46 thus again electrically isolates nodes N B and 
Nc from each other. 

[0094] The erasure operation specifically, the discharge portion, ends when erasure/discharge 
voltage V E d transitions low at time tj. When control-line discharge circuitry 36 contains 
strong-ground and weak-ground circuitries, the low V E d value causes line 56 to be electrically 
connected to the V S s supply through the strong-ground circuitry. Inasmuch as the resistor(s) in 
the current path from line 56 through the weak-ground circuitry to the V S s supply could cause 
erasure body voltage V BE to vary somewhat from V S s, the strong-ground circuitry holds voltage 
V BE close to V S s- 

[0095] Body-line selection signals V BLS and control-line selection signals V C ls subsequently 
return to values that deselect the illustrated EPROM sector. The combination of then-existing 
high V E i value and the V BL s values that deselect the illustrated sector causes body line 70 for the 
illustrated sector to be electrically connected to the V S s supply by way of the hard electrical path 
through body-line decoder 40. This enables body-line voltage V BL on line 70 for the illustrated 
sector to be held close to V S s. At the same time, the then-existing low V IM and high Vi T values in 
combination with the V C ls values that deselect the illustrated sector (a) cause control-line 
decoder 32 to electrically disconnect line 54 from control lines 62 for the illustrated sector and 
(b) simultaneously cause control line 62 for the illustrated sector to be electrically connected to 
the Vss supply by way of the above-mentioned electrical path through decoder 32. As a result, 
decoders 40 and 32 are returned to the conditions that they were in prior to selection of the 
illustrated sector. 

[0096] The (rising/falling) directions in which voltages V E d, V E o, V E i, Vim, and Vrr variously 
make transitions at time to - 1 7 are exemplary. Each of voltages V E d> V E o, Vei, V iM , and V JT could 
be replaced with a voltage signal having transitions in the opposite direction to that described 
above and depicted in Fig. 4 by appropriately adding one or more inverters to, or removing one 
or more inverters from, the output circuitry that provides each of these voltage signals or the 
input circuitry that receives each of these signals. 

[0097] Fig. 5 presents voltage timing curves that facilitate an understanding of the benefits of 
the EPROM circuitry of Fig. 1. Fig. 5 specifically illustrates how erasure body voltage V BE and 
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erasure control voltage V CE could vary during erasure if common discharge circuitry 46 were 
absent and if the discharge of voltages V BE and V CE respectively to V DD and V ss during the 
discharge portion of erasure were respectively controlled by body-line and control-line discharge 
circuitries similar to discharge circuitries 44 and 36 but modified to separately start discharging 
generally at time U rather than providing discharge assistance, as in the invention, by starting 
discharging at time t 5 after common discharge circuitry 46 has initiated the simultaneous 
discharge of voltages V B e and V C e at time U- 

[0098] Voltages V BE and V CE discharge in opposite (rising/falling) directions. When 
floating-gate memory FETs 20 are implemented with n-channel devices, erasure body voltage 
V BE discharges downward while erasure control voltage V CE discharges upward. The opposite 
occurs if FETs 20 are implemented with p-channel devices. 

[0099] In a flash EPROM configured to yield the voltage timing curves of Fig. 5, one of 
voltages V BE and V CE could start to discharge before the other due to the separate discharge 
controls applied to voltages V BE and V CE - Because voltages V BE and V CE discharge in opposite 
directions, capacitive coupling could cause the voltage V BE or V CE that starts discharging last to 
temporarily move in the wrong direction, i.e., to temporarily move in the opposite direction to the 
intended discharge direction for that voltage V BE or V CE . 

[0100] The middle two curves in Fig. 5 illustrate how the VBE and VCE curves would 
generally appear during erasure if erasure body voltage VBE started to discharge first. Erasure 
control voltage VCE might then initially move in the wrong direction as indicated at area 80. If 
erasure control voltage VCE started to discharge first as represented by the bottom two curves in 
Fig. 5, erasure body voltage VBE might initially move in the wrong direction as indicated at area 
82. The initial wrong direction movement of voltage VCE (if voltage VBE starts to discharge 
first) or voltage VBE (if voltage VCE starts to discharge) first could damage the EPROM or 
impair its operation. The EPROM circuitry of Fig. 1 avoids this wrong-direction discharge 
problem by utilizing common discharge circuitry 46 to force voltages VBE and VCE to start 
discharging simultaneously in their respective proper directions. 

[0101] The present invention is not limited to memory cells implemented with split-gate 
floating-gate FETs, e.g., split-gate devices having both control gates CG and select gates SG. 
For instance, the invention encompasses memory cells implemented with split-gate floating-gate 
FETs having control gates CG but not select gates SG. Figs. 6a and 7a depict one such split-gate 
FET in which floating gate FG overlies part of the channel portion and extends partially over 
source S while control gate CG overlies floating gate FG, extends partially over the remainder of 
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the channel portion, and extends partially over drain D. As with split-gate FET 20 having select 
gate SG, inversion layer IV below floating gate FG forms along only part of the upper surface of 
the channel portion in the memory cell of Figs. 6a and 7a. 

[0102] The invention likewise encompasses memory cells implemented with stacked-gate 
floating-gate FETs. Figs. 6b and 7b present an example of a stacked-gate FET in which floating 
gate FG overlies the entire channel portion and extends partially over each of source S and drain 
D and in which control gate CG overlies largely all of floating gate FG. Inversion layer IV 
below floating gate FG in the memory cell of Figs. 6b and 7b forms along the entire upper 
surface of the channel portion. Although certain circuitry, such as select/source decoder 30, 
would have to be modified, e.g., by deleting the select-line decoding circuitry, to directly 
incorporate the split-gate device of Figs. 6a and 7a or the stacked-gate device of Figs. 6b and 7b 
into the EPROM of Fig. 1, such a modification does not affect the voltage discharge principles of 
the invention. 

[01 03] Fig. 8 presents internal details for an embodiment of common discharge circuitry 46. 
In this embodiment, circuitry 46 consists of n-channel FETs Nl, N2, N3, N4, N5, N6, and N7, 
p-channel FETs PI, P2, and P3, a resistor Rl, and an inverter 90 connected as shown. With 
additional reference to Fig. 4, FETs Nl, N3, N5, P2, and P3 are all on at initial time to prior to the 
beginning of erasure when erasure-only voltage V EO is low. FETs N2, N4, N6, and PI are all 
initially off. 

[0104] The gate-to-source voltage of FET N7 equals V ss - V CE . For FET N7 to be turned on, 
its gate-to-source voltage must equal or exceed its threshold voltage, normally 0.5 - 1 .0 V, 
typically 0.7 V. Since erasure control voltage V CE equals V ss at time to, the gate-to-source 
voltage of FET N7 at time to is zero and thus less than its threshold voltage. FET N7 is therefore 
off. Even though FETs N5 and P3 are turned on at time to, the off condition of FET N7 breaks an 
electrical path through FETs N5, P3, Rl, and N7 by which nodes N B and N c would otherwise be 
electrically connected to each other at time to- Hence, common discharge circuitry 46 is 
effectively electrically disconnected from both of nodes N B and N c at time to. 
[0105] The high V EO value resulting from the low-to-high transition in erasure-only voltage 
V EO at time t, at the beginning of the main portion of the erasure operation causes FETs Nl, N3, 
N5, and P2 to turn off. FETs N2, N4, N6, and PI turn on. FET P3 remains on. FET N5 
temporarily turns off. The off condition of FET N5 further breaks the electrical path through 
elements N5, P3, Rl, and N7 for electrically connecting nodes N B and N c to each other. 
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[0106] As erasure control voltage Vce starts to move in the negative direction towards low 
erasure control value V CE l during the main portion of the erasure operation, the gate-to-source 
voltage of FET N7 becomes greater than its threshold voltage. FET N7 thus automatically turns 
on shortly after time t,. However, the off condition of FET N5 continues to break the electrical 
path through elements N5, P3, Rl, and N7 by which nodes N B and N c would otherwise be 
electrically connected to each other. 

[0107] The low V EO value resulting from the high-to-low transition in erasure-only voltage 
V EO at time t 4 at the beginning of the discharge portion of the erasure operation causes FETs Nl, 
N3, N5, and P2 to turn back on. FETs N2, N4, N6, and PI turn back off. FETs P3 and N7 
continue to remain on. 

[0108] With FETs N5, P3, and N7 turned on at time U, common discharge circuitry 46 
electrically connects nodes N B and N c to each other by way of an electrical path through 
elements N5, P3, Rl, and N7. This enables erasure control voltage V C e to start discharging 
upward toward control discharge value V ss as erasure body voltage V BE simultaneously starts 
discharging downward toward body discharge value V DD . FETs N5 and N7 function as switches 
for making/breaking the electrical path through elements N5, P3, Rl, and N7. Resistor Rl limits 
the current through this path in order to prevent damage to the EPROM. 
[01 09] As erasure control voltage V CE approaches control discharge value V ss , FET N7 
reaches a point at which its gate-to-source voltage drops below its threshold voltage. This point 
is the N7 threshold voltage below V ss - FET N7 turns off automatically at this point to break the 
electrical path that previously electrically connected nodes N B and N c through elements N5, P3, 
Rl, and N7. Common discharge circuitry 46 thereby restores the electrical isolation between 
nodes N B and Nc- 

[0110] Fig. 9 presents internal details of an embodiment of body-line discharge circuitry 44 
formed with n-channel FETs Nil andN12,p-channelFETsPll,P12, andP13, aNORgate 100, 
and an inverter 102 connected as shown. Again further referring to Fig. 4, FETs N12 and PI 1 
are on at time t« prior to the beginning of the erasure operation when erasure-only voltage V E o 
and detection voltage V, M are both low. FETs Nl 1 and P12 are both initially off. 
[0111] With FET N12 being on at time to, low supply voltage V SS is provided through FET 
N12 to the gate electrode of FET P13 whose threshold voltage is normally -0.5 - -1 .0 V, 
typically -0.7 V. The PI 3 source/drain region physically connected to the V D d supply acts as the 
source for FET P13 at this point. The gate-to-source voltage for FET PI 3 at time to is V SS - V DD , 
typically -3 V. Since this is less (more negative) than the P13 threshold voltage, FET P13 is 
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turned on and electrically connects the V DD supply to line 66 connected to body node N B . 
Erasure body voltage V BE thus equals body discharge value V DD at time to. 
[0112] FETs N12 and PI 1 turn off when erasure-only voltage V EO goes high at time ti to 
begin the main portion of the erasure operation. FETs Nl 1 and P12 both turn on. Because FET 
N12 is now off, FET PI 3 ceases to receive low supply voltage V ss at its gate electrode. 
Accordingly, FET P13 turns off. Since FETs PI 1 and N12 also turn off, line 66 connected to 
body node N B becomes electrically isolated from both the V ss and V DD supplies. At time t,, 
body-line discharge circuitry 44 thus becomes effectively electrically disconnected from body 
node N B . 

[01 13] The low-to-high transition in detection voltage V, M at time t 3 during the main portion 
of the erasure operation does not affect the condition of any of FETs Nil, N12, PI 1, P12, and 
P13. Because voltage V lM went high at time t 3 , the high-to-low transition of erasure-only voltage 
V EO at time U likewise does not affect the on/off condition of any of FETs Nl 1, N12, PI 1, P12, 
and P13. That is, FETs N12, PI 1, and P13 are still off to effectively electrically disconnect 
body-line circuitry 44 from body node N B . 

[0114] The high-to-low transition of detection voltage V, M at time t 5 during the discharge 
portion of the erasure operation causes FETs N12 and PI 1 to turn back on. FETs Nl 1 and P12 
turn back off. Because FET N12 turns on, FET PI 3 turns on and connects the V DD supply to 
body node N B by way of line 66. This enables body-line discharge circuitry 44 to assist common 
discharge circuitry 46 in pulling erasure body voltage V BE downward to body discharge value 
V DD . FET PI 3 functions as a switch for making/breaking the so-produced hard electrical path 
through circuitry 44 and line 66 for connecting body node N B to the V DD supply. 
[0115] Fig. 10 presents internal details of an embodiment of control-line discharge circuitry 
36 that contains soft-ground circuitry 1 10 and hard-ground circuitry 1 12. Soft-ground circuitry 
1 10 consists of n-channel FETs N21 and N22, a p-channel FET P21, resistors Rl 1 and R12, an 
inverter 1 14, a NAND gate 1 16, inverters 1 1 8 and 120, and a NOR gate 122. Hard-ground 
circuitry 1 12 is formed with n-channel FETs N23 and N24, a p-channel FET P22, an inverter 
124, and a NOR gate 126. 

[0116] With further reference to Fig. 4, FETs N22, N24, P21, and P22 are all on at time to 
prior to the beginning of the erasure operation when erasure/discharge voltage V ED , erasure-only 
voltage V EO , and detection voltage V IM are all low and detection voltage V IT is high. FETs N21 
and N23 are both off. Since FET N22 is on, control node N c is connected to the V ss supply by 
way of a soft electrical path through line 56 and through FET N22 and resistor R12 in 
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soft-ground circuitry 110. With FET N24 likewise being on, node N c is further connected to the 
V ss supply by way of a hard electrical path through line 56 and through FET N24 in hard-ground 
circuitry 112. Consequently, erasure control voltage V CE equals control discharge value V ss at 
time to. 

[0117] FETs N21 and N23 turn on as erasure/discharge voltage V E d and erasure-only voltage 
V EO both go high at time t, to begin the main portion of the erasure operation. FETs N22, N24, 
P21, and P22 all turn off. The off condition of FET N22 electrically disconnects control node N c 
from the V ss supply along the path through FET N22 and resistor R12 in soft-ground circuitry 
1 10. The off condition of FET N24 similarly electrically disconnects node N c from the V ss 
supply along the path through FET N24 in hard-ground circuitry 1 12. Control-line discharge 
circuitry 36 thus becomes effectively electrically disconnected from node N c at time ti. 
[0118] The high-to-low transition in detection voltage V 1T at time t 2 and the slightly later 
low-to-high transition in detection voltage V, M at time t 3 reinforce the off condition of FETs P21 
and P22. The high V IM value causes FETs N21 and N23 to turn off. The gate electrode of FET 
N22 becomes effectively electrically disconnected from FETs N21 and P21. The gate electrode 
of FET N24 similarly becomes effectively disconnected from FETs N23 and P22. Consequently, 
FETs N22 and N24 remain off. Control-line discharge circuitry 36 remains electrically 
disconnected from control node Nc- 

[0119] The low V EO value resulting from the high-to-low transition in erase-only voltage V E0 
at time t* at the beginning of the discharge portion of the erasure operation prepares hard-ground 
circuitry 1 12 for a later transition in detection voltage V, T but does not affect any of FETs N21, 
N22, N23, N24, P21, and P22. All of them remain off. Control-line discharge circuitry 36 
continues to be effectively electrically disconnected from control node N c - 
[0120] During the discharge portion of the erasure operation, the high-to-low transition in 
detection voltage V IM at time t 5 causes FETs P21 and N22 to turn on. FETs N21, N23, N24, and 
P22 remain off. The on condition of FET N22 enables soft-ground circuitry 1 10 to electrically 
connect control node N c to the V S s supply by way of a soft electrical path through line 56, FET 
22, and resistor R12. Circuitry 1 10 thereby assists common discharge circuitry 46 in pulling 
erasure control voltage V CE to control discharge value V SS - FET N22 functions as a switch for 
enabling circuitry 110 to make/break the soft electrical path through elements N22 andR12 for 
connecting node N c to the V ss supply. Resistor R12 limits the current along this path to prevent 
damage to the EPROM. 
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[0121] The slightly later low-to-high transition in detection voltage Vrr at time U during the 
discharge portion causes FET N23 in hard-ground circuitry 1 12 to turn on. FETs P21 and N22 
remain on while FETs N21, N24, and P22 remain off. Since FET N24 is still off, circuitry 1 12 
remains effectively electrically disconnected from control node N c . The high Vrr value prepares 
circuitry 1 12 for a later transition in erasure/discharge voltage V ED . 

[0122] The low V ED value resulting from the high-to-low transition in erasure-only voltage 
V ED at time t 7 at the end of the erasure operation, specifically the discharge portion, causes FETs 
P22 and N24 to turn on. FET N23 turns off. FETs P21 and N22 remain on while FET N21 
remains off. The on condition of FET N24 enables hard-ground circuitry 1 12 to connect control 
node N C to the V ss supply by way of a hard electrical path through line 56 and FET N24. This 
electrical path holds erasure control voltage V CE close to V ss . FET N24 functions as a switch for 
making/breaking the hard electrical path through FET N24 for connecting node N c to the V ss 
supply. At the end of the erasure operation, node N c is thus electrically connected to the V ss 
supply by way of a hard electrical path through circuitry 1 12 and by way of a soft electrical path 
through soft-ground circuitry 1 10. 

[0123] Referring to Fig. 11, the EPROM containing the circuitry of Fig. 1 is normally 
allocated into a plurality of L substantially identical mats 130 0 , 130,, . . . 130 L ., where integer L 
is 8 in the example of Fig. 11. Each mat 130, where i is a running integer varying from 0 to L-l, 
consists of an array of substantially identical simultaneously erasable EPROM sectors 140 jk as 
shown in Fig. 12. Integer j, the row number, varies from 0 to M-l where M is the number of 
rows of sectors 140 jk . Integer k, the column number, varies from 0 to N-l where N is the number 
of columns of sectors 140 jk . N and M are both 4 in the example of Fig. 12. The total number of 
sectors 1 40 jk is LMN, 1 28 in the example of Figs. 1 1 and 1 2. 

[0124] Each row of sectors 140 jk in a mat 130; has a row identification signal Xjj. Each 
column of sectors 140 jk has a column identification signal Y ik . A particular sector 140 jk in a 
particular mat 130, is selected by placing identification signals X, and Y ik at specified values, 
typically high voltages corresponding to logic "1". 

[0125] For each sector 140 jk of each mat 130, control-line decoder 32 contains a control-line 
sector decoder and a control-line row decoder. The control-line sector decoder converts erasure 
control voltage V CE into an intermediate control-line voltage signal V CI . Since there are LMN 
sectors 140 jk , decoder 32 contains LMN control-line sector decoders. The control-line row 
decoder for the control-line sector decoder of each sector 140 jk in each mat 130 s converts that 
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sector decoder's intermediate control-line voltage V C i into control-line voltages V CL for that 
sector 140 jk . The control-line sector decoders are normally substantially identical. 
[0126] Fig. 1 3 presents internal details for an embodiment of a control-line sector decoder 
150 utilized in control-line decoder 32 for the EPROM sector illustrated in Fig. 1 . Control-line 
sector decoder 150 consists of n-channel FETs N31, N32, N33, N34, and N35, p-channel FETs 
P31, P32, P33, P34, P35, and P36, an AND gate 152, a NAND gate 154, and a NOR gate 156 
connected as shown. FETs N31, N32, P32, and P33 form a latch 158 that provides a latch 
voltage signal V LS on a line 160 connected to the gate electrodes of FETs N33, P35, and N35. 
The state of latch 158 is controlled through FETs P31 and P34. Intermediate control-line voltage 
Vci is provided on a line 162. 

[0127] Prior to the selection of the EPROM sector illustrated in Fig. 1 at a point when 
detection voltage V 1M is low and detection voltage V, T is high, at least one of sector identification 
signals Xij and Y ik for the illustrated sector is low (logic "0"). FET P31 is therefore off. FET P34 
is on. Since voltage V IT equals V DD at this point, FET P34 pulls latch voltage V LS upward to V DD 
to place latch 158 in a high state. In latch 158, FETs N31 and P33 are on while FETs P32 and 
N32 are off. FETs N33 and N35 are also on. FETs P35, N34, and P36 are off. 
[01 28] Transitions in detection voltages V, M and V IT due to erasure in an EPROM sector 
other than the EPROM sector illustrated in Fig. 1 cause FET P34 to variously turn off and on. 
However, FET P31 remains off as long as sector identification signals Xij and Y ik do not go high 
to select the illustrated sector. In particular, FET P31 stays off when detection voltage V 1M goes 
high to produce low voltage V SS at the P31 gate electrode because detection voltage V IT went low 
slightly earlier to place the source-acting region of FET P31 at V S s- 

[0129] When FET P34 turns off while the illustrated EPROM sector is still unselected, latch 
voltage Vls at the N31 gate electrode drops. Erasure control voltage V CE started dropping earlier 
than latch voltage V LS . Control voltage V CE also drops at least as much as, normally more than, 
latch voltage Vls. As a result, FET N31 remains on and allows the voltage at the P33 gate 
electrode to follow control voltage V CE downward. This enables FET P33 to remain on when 
detection voltage V, T goes low. FETs P32 and N32 remain off. As detection voltage V IT drops 
to V SS , latch voltage V LS is pulled through FET P33 down to V ss . Latch 158 therefore remains in 
its high state, albeit with latch voltage V LS reduced to V ss , as long as the illustrated sector is 
unselected. 

[0130] Due to the same mechanism that causes FET N3 1 to stay on, FET N33 stays on when 
FET P34 turns off while the illustrated EPROM sector is unselected. FETs P35 and N34 remain 
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off. Reduced erasure control voltage V CE is transmitted through FET N33 to the P36 gate 
electrode. This causes FET P36 to turn on and electrically connect line 162 to the V ss supply. 
Intermediate control-line voltage V a thus equals V ss - Accordingly, control-line voltages V CL on 
all control lines 62 for the sector illustrated in Fig. 1 are at V ss as long as the illustrated sector is 
unselected. 

[0131] The EPROM sector illustrated in Fig. 1 is selected by adjusting both of sector 
identification signals X« and Y ik for the illustrated sector to be high (logic "1"). FET P31 turns 
on. FET P34, which had previously turned on when detection Vi T went high, turns off. With 
further reference to Fig. 4, the high V IT value at time to is transmitted through FET P31 to place 
latch 158 in a low state. FETs N32 and P32 turn on as FETs N31 and P33 turn off. Erasure 
control voltage V CE equals V ss at time to and is transmitted through FET N32 to line 160. Latch 
voltage V LS at the N35 gate electrode thereby equals V SS . FET N35, which had been turned on 
when FET P34 was turned on, turns off and ceases to electrically connect line 162 to the V ss 
supply. 

[0132] FET N33 also turns off. FETs P35 and N344 turn on. FET P36, which had been 
turned on when erasure control voltage V CE was below V ss while the EPROM sector illustrated 
in Fig. 1 was unselected but which turned off when voltage V CE returned to V ss , is now turned 
off and likewise ceases to electrically connect line 162 to the V ss supply. Instead, line 62 is 
electrically connected through FET N34 to control node N c on line 54. At time to, intermediate 
control-line voltage V C i equals voltage V CE which is then at V S s- 

[0133] As long as the EPROM sector illustrated in Fig. 1 is selected, subsequent transitions 
in detection voltage V, T do not affect the state of latch 158 because FET P34 stays off. 
Subsequent transitions in detection voltage V 1M likewise do not affect the state of latch 158 as 
long as the illustrated sector is selected. FETs N32 and P32 remain on while FETs N31 and P33 
remain off. FETs P35 and N34 also remain on. FET N33 remains off along with FETs N35 and 
P36. Accordingly, neither FET N35 nor FET P36 electrically connects the V ss supply to line 162 
carrying intermediate voltage V CI during the entire selection period for the illustrated sector. 
[0134] As erasure control voltage V CE at control node N c moves downward toward control 
conditioning value V CEL starting at time t, at the beginning of the main portion of the erasure 
operation, latch voltage V LS also moves downward toward V CE l- This occurs because FET N32 
is turned on and electrically connects line 160 that carries voltage V LS to line 54 that carries 
voltage V CE while FETs N35 and P36 are turned off to isolate line 160 from the V ss supply. FET 
N35 remains off. Even though detection voltage V IT transitions low at time t 2 during the main 
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erasure portion, latch voltage V LS falls sufficiently from time t, to time t 2 that FETs P35 and N34 
remain on while FETs N33, N35, and P36 remain off. 

[0135] The on/off conditions of FETs P35, N33, P36, N34, and N35 continue to remain the 
same as detection voltage V IT transitions high at time during the discharge portion of the 
erasure operation. With FET N32 continuing to be turned on, latch voltage V LS rises to the V ss 
level as erasure control voltage V CE rises to control discharge value V ss . Because FET N34 
remains on while FETs P36 and N35 remain off, intermediate control-line voltage V c . equals 
erasure control voltage V CE during the entire erasure operation. Control-line voltages V CL on 
control lines 62 for the illustrated sector are therefore all equal to erasure control voltage V CE 
during erasure in that sector. 

[0136] The maximum difference between the voltages variously applied to the FETs in 
control-line sector decoder 150 of Fig. 8 is V DD - V C el, typically 13 V. Importantly, decoder 150 
of Fig. 8 is configured and operated so that the maximum voltage across any of the decoder FETs 
at any time during decoder operation is V ss - V C el, typically 10 V. This helps avoid damaging 
decoder 150 of Fig. 8 compared to what would occur if any of its FETs experienced a voltage 
difference of V DD - V C el, again typically 13 V, during decoder operation. 
[0137] Body-line decoder 40 contains LMN body-line sector decoders, one for each sector 
140 jk of each mat 130i. The internal details of an embodiment of one such body-line sector 
decoder 170 are presented in Fig. 14. Body-line sector decoder 170 consists of n-channel FETs 
N41, N42, N43, and N44, p-channel FETs P41, P42, and P43, a NOR gate 172, and a NAND 
gate 174 connected as shown. 

[0138] Prior to the selection of the EPROM sector illustrated in Fig. 1 when at least one of 
sector identification signals X, and Y ik is low, FETs N41, N43, N44 and P42 are on. FETs N42, 
P41, and P43 are off. With FET N43 being on, the V ss supply is electrically connected along a 
soft electrical path through FET N43 and resistor R21 to body line 70 that carries body-line 
voltage V BL for the illustrated sector. The V SS supply is also electrically connected along a hard 
electrical path through FET N44 to body line 70 for the illustrated sector. Hence, voltage V BL for 
the illustrated sector is held close to V SS as long as the illustrated sector is unselected. 
[0139] Adjusting sector identification signals Xy and Y ik so that both are high to select the 
illustrated sector causes FET N44 to turn off. This breaks the hard electrical path by which FET 
N44 electrically connected line 70 for the illustrated sector to the V ss supply. With further 
reference to Fig. 4, the high V EI value at time to enables FETs N41, N43, and P42 to remain on. 
FETs N42, P41, and P43 remain off. Body line 70 for the EPROM sector illustrated in Fig. 1 
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thereby remains electrically connected to the V ss supply by the soft electrical path through FET 
N43 and resistor R21. 

[0140] FETs N42, P41 , and P43 turn on at time t ( when erasure-starting detection voltage V E i 
goes low at the beginning of the main portion of the erasure operation. FETs N41, N43, and P42 
turn off. FET N44 remains off. With FET N43 now off, body line 70 for the EPROM sector 
illustrated in Fig. 1 ceases to be electrically connected to the V ss supply by an electrical path 
through resistor R21 and FET N43. Instead, line 70 for the illustrated sector is electrically 
connected through FET P43 to line 64. As erasure body voltage V BE rises from V DD to body 
conditioning value V BEH , body-line voltage V BL for the illustrated sector rises from V ss to body 
conditioning value V B eh- 

[0141] When erasure-starting detection voltage V E i returns high at time t 5 during the 
discharge portion of the erasure operation, FETs N41, N43, and P42 turn back on. FETs N42, 
P41, and P43 turn back off. Body line 70 for the illustrated sector then again becomes 
electrically connected to the V ss supply by way of a soft electrical path through resistor R21 and 
FET N43. This pulls body-line voltage V BL for the illustrated sector to V SS . Resistor R21 limits 
current through this path to prevent EPROM damage. 

[0142] The present invention has been described with reference to particular embodiments 
solely for the purpose of illustration. For instance, the present erasure discharge technique can be 
used in devices other than EPROMs. Common discharge circuitry 46, body-line discharge 
circuitry 44, control-line discharge circuitry 36, control-line sector decoders 150, and body-line 
sector decoders 170 can be implemented differently than respectively shown in Figs. 8 - 10, 13, 
and 14. Various modifications and applications may thus be made by those skilled in the art 
without departing from the true scope of the invention as defined in the appended claims. 
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